"Legal highs" such as K2, which typically contain synthetic cannabinoids, are increasingly popular with adolescents around the world. We have limited knowledge concerning their toxicity or adverse effects and their mechanism of action is poorly understood. While synthetic cannabinoids have been linked to adverse cardiovascular effects, cases of ST-elevation myocardial infarction (STEMI) associated with K2 use are exceedingly rare. We report a case of a 14-year-old boy who suffered an STEMI after smoking K2. To our knowledge, this is not only the youngest case of an STEMI associated with K2 use, but also the first case to be reported outside of the United States of America. Pediatricians worldwide must be aware of the clinical significance and potential harm associated with the use of synthetic cannabinoids, to better educate patients and their families regarding the dangers of using such "legal" substances. 
INTRODUCTION
While chest pain is a common complaint among pediatric patients, most presentations are noncardiac in origin. [1] Of those that have an underlying cardiac etiology, myocardial infarction (MI) remains exceedingly rare and is usually associated with anatomical congenital cardiovascular abnormalities. [1] Other associations include Kawasaki disease, familial hypercholesterolemia, cardiomyopathy, peri-or myocarditis, and cocaine abuse. [2] Though cannabis is recognized as a rare trigger for MI, [3, 4] the role of synthetic cannabinoids in MI among adolescents is poorly defined.
CASE REPORT
A previously healthy 14-year-old Māori boy was presented to the emergency department with a 1-h history of sudden onset central chest pain and headache. There was no fever, nausea, palpitations, or shortness of breath. Personal and family histories for cardiovascular disease were negative. He was taking no regular medications and denied regular cannabis use. He admitted, however, to having smoked the synthetic cannabis product K2 for the first time, 4 h prior to the onset of symptoms. The examination was unremarkable except for a mild tachycardia of 96 beats/min and a blood pressure (BP) of 168/81 mmHg.
Electrocardiogram (ECG) demonstrated sinus tachycardia. Chest X-ray was unremarkable. His initial blood tests, including inflammatory markers, were unremarkable except for a raised troponin T (TnT) of 32 ng/L. He was treated with paracetamol and codeine, following which symptoms subsided, with heart rate and BP normalizing. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. showed improvement in the ST-elevation. Once again, his pain subsided with oral analgesia.
Over the next 48 h, the patient suffered two further episodes of chest pain. While observations and examination remained unremarkable throughout these episodes, TnT continued to rise, peaking at 383 ng/L on day 2 of admission, before returning to normal over a period of 7 days. Repeat ECGs, including those taken at the time of symptoms, normalized over the course of the admission, with no residual ST changes. All episodes of chest pain resolved with simple analgesia.
Despite denial of cannabis use, initial urine toxicology was positive for cannabinoids and opiates, but negative for amphetamine or benzodiazepines. The patient had been treated with codeine by the time of specimen collection. A further urine specimen collected 3 days later was negative for synthetic cannabinoid compounds. Subsequently, an exercise treadmill test (ETT) was completed with no chest pain or ST-segment changes, indicating that macrovascular disease would be highly unlikely. An echocardiogram, conducted on day 3 of admission, was also reported normal, with no evidence of pulmonary hypertension.
The symptoms and investigation results were consistent with a diagnosis of ST-elevation myocardial infarction (STEMI), with the most likely precipitating factor being the use of K2. In view of the symptoms resolving, the reassuring ETT and echocardiogram and normalizing TnT and serial ECGs, the regional cardiology team advised not to treat the patient with anti-platelets or anticoagulation. He was discharged after 7 days. At 1-year follow-up, he has remained asymptomatic.
DISCUSSION
"Legal highs" such as K2 are products with mood-altering properties that are not prohibited by government legislation. They typically contain synthetic cannabinoids and are increasingly popular with adolescents, as they are easily available to purchase in person or via the internet. [5] Like delta-9-tetrahydrocannabinol (THC), the most biologically active ingredient in traditional cannabis, [6] synthetic cannabinoids act mainly as agonists to cannabinoid-1 receptors. However, unlike THC, which is a partial agonist, synthetic cannabinoids are full agonists, which may explain their increased potency and subsequent potential for more intense sympathomimetic effects. [7] While the full range of synthetic cannabinoidrelated adverse health effects is unknown, the most common presentations include vomiting, agitation, and tachycardia. [7, 8] To our knowledge, there have been only four reported cases of patients presenting with STEMIs after smoking K2. [5, 9] As in two of these cases, our patient tested positive for THC, suggesting concomitant cannabis use in the preceding weeks. While this complicates the association between K2 and MI, the time frame between the patients first ever episode of smoking K2 and onset of symptoms suggests K2 to be the most likely precipitant.
Routine urine drug immunoassays do not detect synthetic cannabinoids. In the previous cases of MI associated with K2, [5, 9] urine testing for synthetic compounds was either not performed or negative. Additionally, as in our case, the substance smoked was not analyzed. Therefore, we do not know the full range of potentially harmful compounds within the sample of K2 smoked by our patient and we cannot be certain which compounds were responsible for his symptoms. The fact that no synthetic cannabinoids were detected in our patient's urine sample may be due to the time delay between the presentation and specimen collection, by which point the compounds may have been eliminated from the body.
Despite the growing evidence base for the association between K2 and MI in adolescents, there are no consensus management guidelines, as the physiology and pharmacology by which adolescents suffer MIs remains poorly understood. Limited evidence suggests that the mode of MI is through coronary vasospasm or increased myocardial oxygen demand rather than atheroma build-up. [3] Consequently, our patient was not prescribed anticoagulation. In previous cases, of the three patients that underwent angiography, all revealed normal coronary arteries. [5, 9] To our knowledge, this is not only the youngest case of an STEMI associated with K2 use, but also the first case to be reported outside of the United States of America. The use of these products is an increasingly worldwide phenomenon. The literature in this field is limited, and further research is needed to better understand synthetic cannabinoids and their cardiovascular effects, as consensus management guidelines for these cases remains elusive. Pediatricians worldwide must be aware of the clinical significance and potential harm associated with the use of synthetic cannabinoids, to better educate patients and their families regarding the dangers of using such "legal" substances.
